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(57) ABSTRACT

A split-gate flash memory cell 1s provided. The split-gate
flash memory cell includes a semiconductor substrate having
a source region and a drain region. The source region and the
drain region are separated by a channel region. The split-
gate flash memory cell also includes a concave trench 1n the
semiconductor substrate, a floating gate dielectric lining the
concave trench, and a floating gate situated in the concave
trench on the floating gate dielectric. The floating gate has a
convex bottom surface. The split-gate flash memory cell also
includes an inter-gate dielectric on the floating gate, and a
control gate on the inter-gate dielectric.
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SPLIT-GATE FLASH MEMORY CELL
HAVING A FLOATING GATE SITUATED IN
A CONCAVE TRENCH IN A
SEMICONDUCTOR SUBSTRATE

BACKGROUND

Embodiments of the present disclosure relate to a tlash
memory cell, and 1n particular they relate to a split-gate flash
memory cell.

Non-volatile memory devices are widely used in the
clectronics industry. The data stored in a non-volatile
memory can be retained even 1f the system power 1s lost.
Non-volatile memory can take the form of one-time pro-
grammable devices, such as electrically programmable read-
only memory (EPROM), or re-programmable devices, such
as electrically erasable, programmable read-only memory
(EEPROM).

One example of non-volatile memory 1s flash memory.
Flash memories are becoming popular due to their advan-
tages, such as smaller sizes, and less power consumption.

However, existing flash memories have not been satisfac-
tory 1n every respect (e.g., the programming time needs
improving).

SUMMARY

Some embodiments of the present disclosure relate to a
split-gate flash memory cell. The split-gate flash memory
cell includes a semiconductor substrate having a source
region and a drain region. The source region and the drain
region are separated by a channel region. The split-gate flash
memory cell also includes a concave trench 1n the semicon-
ductor substrate, a floating gate dielectric lining the concave
trench, and a floating gate situated 1n the concave trench on
the floating gate dielectric. The floating gate has a convex
bottom surface. The split-gate flash memory cell also
includes an inter-gate dielectric on the floating gate, and a
control gate on the inter-gate dielectric.

Some embodiments of the present disclosure relate to a
method for forming a split-gate flash memory cell. The
method 1includes providing a semiconductor substrate, form-
ing a concave trench in the semiconductor substrate, form-
ing a first dielectric layer on the semiconductor substrate.
The first dielectric layer lines the concave trench. The
method also includes forming a floating gate layer on the
first dielectric layer, forming a mask layer on the tloating
gate layer. The mask layer has an opening above the concave
trench. The method also 1includes forming a dielectric mate-
rial to fill the opening, removing the mask layer and a first
portion of the floating gate layer under the mask layer, while
leaving a second portion of the floating gate layer under the
dielectric maternial to serve as a floating gate. The floating
gate 1s situated in the concave trench on the first dielectric
layer. The method also includes forming a second dielectric
layer on a sidewall of the floating gate. The floating gate 1s
surrounded by the first dielectric layer, the dielectric mate-
rial, and the second dielectric layer. The method also
includes forming a control gate on the first dielectric layer,
the second dielectric layer, and the dielectric material, and
forming a source region and a drain region in the semicon-
ductor substrate on opposite sides of the control gate.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the embodiments of the present disclosure are
best understood from the following detailed description
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when read with the accompanying figures. It should be noted
that, in accordance with the standard practice in the industry,

various features are not drawn to scale. In fact, the dimen-
sions of the various features may be arbitrarily increased or
reduced for clarnty of discussion.

FIGS. 1-11 are a series of cross-sectional views 1llustrat-
ing a method for forming a split-gate flash memory cell
according to an embodiment of the present disclosure.

FIG. 12 1llustrates a split-gate tlash memory cell accord-
ing to some embodiments of the present disclosure.

DETAILED DESCRIPTION

The present disclosure provides many different embodi-
ments, or examples, for implementing different features of
this disclosure. Specific examples of components and
arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are
not intended to be limiting. For example, the formation of a
first feature over or on a second feature in the description
that follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments 1n which additional features may be
formed between the first and second features, such that the
first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters 1n the various embodiments. This repetition
1s Tor the purpose of simplicity and clarity and does not 1n
itself dictate a relationship between the various embodi-
ments and/or configurations discussed.

Various embodiments of the present disclosure will be
discussed below. Like reference numerals may be used to
represent like components. It should be understood that
additional steps can be implemented before, during, or after
the 1llustrated methods, and some steps might be replaced or
omitted 1n other embodiments of the illustrated methods.

The split-gate flash memory cell according to embodi-
ments of the present disclosure has a concave trench in the
semiconductor substrate. The concave trench has tips which
may increase the current flow between the semiconductor
substrate and the tloating gate of the split-gate flash memory
cell, and thus the performance of the split-gate tlash memory
cell may be improved (e.g., reducing the programming or
writing time).

FIG. 1 1illustrates an 1nitial step of a method for forming
a split-gate flash memory cell according to an embodiment
of the present disclosure. As shown in FIG. 1, a semicon-
ductor substrate 100 1s provided. For example, the semicon-
ductor substrate 100 can include silicon. In some embodi-
ments, the semiconductor substrate 100 can include other
clementary semiconductor (e.g., germanium), compound
semiconductor (e.g., silicon carbide (S1C), gallium arsenic
(GaAs), mdium arsemde (InAs), or indium phosphide
(InP)), and alloy semiconductor (e.g., silicon germanium
(S1Ge), silicon germanium carbide (S1GeC), gallium arsenic
phosphide (GaAsP), or gallium 1indium phosphide (GalnP)).
In other embodiments, the semiconductor substrate 100 can
include a semiconductor-on-insulator (SOI) substrate. The
SOI substrate can include a bottom substrate, a buried oxide
layer disposed on the bottom substrate, and a semiconductor
layer disposed on the buried oxide layer.

In some embodiments, the semiconductor substrate 100 1s
a p-type silicon substrate. For example, the dopant of the
p-type silicon substrate 100 may include boron, aluminum,
gallium, indium, other applicable dopants, or a combination
thereof, and a dopant concentration of the p-type silicon
substrate 100 may be 5x10'* to 5x10'° cm™. In other
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embodiments, the semiconductor substrate 100 may be an
n-type silicon substrate. For example, the dopant of the
n-type silicon substrate 100 may include arsenic, phospho-
rus, antimony, other applicable dopants, or a combination
thereol, and a dopant concentration of the n-type silicon
substrate 100 may be 5x10'* to 5x10'° cm™. The following
embodiments will be described using a p-type silicon sub-
strate 100 as an example, but the present disclosure 1s not
limited thereto.

Then, as shown 1n FIG. 2, a mask layer 202 1s formed on
the semiconductor substrate 100. In some embodiments, the
mask layer 202 can include silicon nitride, silicon oxyni-
tride, other applicable matenials, or a combination thereof. In
some embodiments, the mask layer 202 may be formed by
a low-pressure chemical vapor deposition process (LP-
CVD), a plasma-enhanced chemical vapor deposition pro-
cess (PECVD), another applicable process, or a combination
thereol. For example, a thickness of the mask layer 202 can
be 0.1 to 0.5 um, but it 1s not limited thereto.

Then, as shown 1n FIG. 3, an opening 204 1s formed in the
mask layer 202 by a patterning process. For example, the
patterning process can include a lithography process (e.g.,
photoresist coating, soft baking, mask aligning, exposure,
post-exposure baking, developing photoresist, etc. . . . ), an
ctching process (e.g., wet etching process, dry etching,
etc. . . . ), another applicable process, or a combination
thereot. In some embodiments, a patterned photoresist layer
(not shown) having an opening corresponding to the opening
204 can be formed on the mask layer 202 by a lithography
process, and then an etching process can be performed to
remove a portion of the mask layer 202 exposed by the
opening ol the patterned photoresist layer (not shown) to
form the opening 204 in the mask layer 202.

Then, as shown 1n FIG. 4, a concave trench 102 1s formed
in the semiconductor substrate 100 under the opening 204.
In some embodiments, the concave trench 102 can increase
the performance of the split-gate flash memory cell, and the
details will be discussed later.

In some embodiments, the concave trench 102 is formed
by an etching process (e.g., wet etching process, dry etching,
another applicable process, or a combination thereof) using
the mask layer 202 as an etch mask. For example, a wet
etching process can be performed to form the concave trench
102.

As shown 1n FIG. 4, the concave trench 102 can have a
bottom surface 1024, a sidewall 1024, and a sidewall 102¢
opposing to the sidewall 102a. In some embodiments, an
angle 0 between the bottom surface 1025 and the sidewall
102a (or the sidewall 102¢) of the concave trench 102 can
be greater than or equal to 90° and less than or equal to 115°.
In the embodiment illustrated, the concave trench 102 1s
symmetrical (i1.e., the angle between the bottom surface
10256 and the sidewall 102a being substantially equal to the
angle between the bottom surface 1025 and the sidewall
102¢). However, the angle between the bottom surface 1025
and the sidewall 102a may be different from the angle
between the bottom surface 1025 and the sidewall 102¢ in
other embodiments.

In some embodiments, as shown in FIG. 4, the bottom
surface 1026 of the concave trench 102 can be substantially
parallel to a top surface of the semiconductor substrate 100.
The concave trench 102 may have a depth D (1.e., a distance
between the bottom surface 10256 of the concave trench 102
and the top surface of the semiconductor substrate 100). In
some embodiments where the depth D 1s greater than 2000
A, the threshold voltage is disadvantageously affected.
Therefore, 1n some other embodiments, the depth D of the
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concave trench 102 is 500 A to 2000 A (i.e., 500 A<D=2000
A) to achieve a better threshold voltage.

As shown 1n FIG. 4, the concave trench 102 has a top
width W, and a bottom width W,. In some embodiments, a
ratio of W, to W, (1.e., W,/W,)1s 1 to 1.3. The ratio of W,
to W, may depend on the angle 0.

Then, as shown 1n FIG. 5, the mask layer 202 1s removed
by an etching process or another applicable process. Then,
a first dielectric layer 502 lining the concave trench 102 1s
formed on the semiconductor substrate 100. In some
embodiments, as shown i FIG. 3, the first dielectric layer
502 1s conformally formed on the semiconductor substrate
100, and thus the first dielectric layer 502 also has a concave
trench 504 corresponding to and above the concave trench
102 of the semiconductor substrate 100. For example, the
first dielectric layer 502 can include oxide or other appli-
cable dielectric materials. In some embodiments, the first
dielectric layer 502 can be formed by a thermal oxidation
process, a chemical vapor deposition process, another appli-
cable process, or a combination thereof. In the embodiment
illustrated, the first dielectric layer 502 includes silicon
oxide formed by thermal oxidation of the semiconductor
substrate 100. For example, the thermal oxidation process
can include a dry oxidation process (e.g., S1+0,—=>510,), a
wet oxidation process (e.g., S1+42H,0—=510,+2H,), or a
combination thereof.

Then, as shown i FIG. 6, a floating gate layer 602 1s
formed on the first dielectric layer 502. In some embodi-
ments, as shown in FIG. 6, the floating gate layer 602 1s
conformally formed on the semiconductor substrate 100 and
the first dielectric layer 502, and thus the floating gate layer
602 also has a concave trench 604 corresponding to and
above the concave trench 102 of the semiconductor substrate
100. In the embodiment illustrated, the floating gate layer
602 includes poly-silicon, but the floating gate layer 602
may include other conductive materials (e.g., metal, metal
alloy, polycide (i.e., a combination of poly-silicon and
silicide), another applicable conductive material, or a com-
bination thereof) 1n other embodiments. For example, the
floating gate layer 602 can be formed by a chemical vapor
deposition process, a low-pressure chemical vapor deposi-
tion process, a metal-organic chemical vapor deposition
process (MOCVD), another applicable process, or a com-
bination thereof.

Then, as shown 1n FIG. 7, a mask layer 702 1s formed on
the floating gate layer 602, and an opening 704 1s formed in
the mask layer 702 corresponding to and above the concave
trench 102. For example, the mask layer 702 can include
s1licon nitride, silicon oxynitride, other applicable materials,
or a combination thereof. In some embodiments, the mask
layer 702 may be formed by a low-pressure chemical vapor
deposition process (LPCVD), a plasma-enhanced chemical
vapor deposition process (PECVD), another applicable pro-
cess, or a combination thereol. For example, a thickness of
the mask layer 702 can be 0.1 to 0.6 um, but 1t 1s not limited
thereto. In some embodiments, the opening 704 can be
formed 1n the mask layer 702 by a patterning process. For
example, the patterning process can include a lithography
process (e.g., photoresist coating, soft baking, mask align-
ing, exposure, post-exposure baking, developing photore-
sist, etc. . . . ), an etching process (e.g., wet etching process,
dry etching process, efc. . . . ), another applicable process, or
a combination thereof. In some embodiments, a patterned
photoresist layer (not shown) having an opening correspond-
ing to the opening 704 can be formed on the mask layer 702
by a lithography process, and then an etching process can be
performed to remove a portion of the mask layer 702




US 10,256,310 Bl

S

exposed by the opening of the patterned photoresist layer
(not shown) to form the opening 704 in the mask layer 702.

In some embodiments, the photo mask used in the lithog-
raphy process for forming the concave trench 102 (or the
opening 204) can be used in the lithography process for
forming the opening 704 to reduce the manufacturing cost.

As shown 1n FIG. 7, the opening 704 can be above the
concave trench 102 and have a width W . In the embodiment
illustrated, the top width W, of the concave trench 102 1s
substantially equal to the width W, of the opening 704 (e.g.,
a ratio of W, to W, 1s about 1.0) because same mask 1s used.

Then, as shown 1n FIG. 8, a dielectric material 802 1s
tormed to fill the opening 704. The diclectric material 802
will be used as an etch mask 1n a subsequent process to form
a floating gate, and the details will be discussed later. For
example, the dielectric maternial 802 can include oxide or
other applicable dielectric materials. In some embodiments,
the dielectric material 802 can be formed by a thermal
oxidation process, a chemical vapor deposition process,
another applicable process, or a combination thereof. In the
embodiment illustrated, the dielectric material 802 includes
silicon oxide formed by a thermal oxidation process. For
example, the thermal oxidation process can include a dry
oxidation process, a wet oxidation process, or a combination
thereof.

Then, as shown 1n FIG. 9, the mask layer 702, and a
portion of the floating gate layer 602 are removed by an
etching process (dry etching process, wet etching process,
etc. . . . ) or another applicable process, while a remaining
portion of the floating gate layer 602 under the dielectric
material 802 can serve as a floating gate 902. In some
embodiments, the material of the dielectric material 802
(e.g., silicon oxide) 1s different from the maternal of the mask
layer 702 (e.g., silicon mitride) and the floating gate layer
602 (c.g., poly-silicon), and thus the dielectric material 802
can be used as an etch mask in the etching process for
forming the floating gate 902. As shown in FIG. 9, the
floating gate 902 can be conformally formed over the
concave trench 102, and the floating gate 902 can have a
concave top surtace 9027 and a convex bottom surface 9025
corresponding to the concave trench 102. In some embodi-
ments, the floating gate 902 has a tip profile at top edges
902¢, which may improve the performance of the split-gate
flash memory cell (e.g., reducing the erasing time).

Then, as shown 1n FIG. 10, a second dielectric layer 1002
1s formed on sidewalls 902s of the floating gate 902, the
dielectric material 802, and the first dielectric layer 502. For
example, a thickness of the second dielectric layer 1002 can
be 50 A to 200 A. For example, the second dielectric layer
1002 can include oxide or other applicable dielectric mate-
rials. In some embodiments, the second dielectric layer 1002
can be formed by a thermal oxidation process, a chemical
vapor deposition process, a spin on coating process, an
atomic layer deposition process (ALD), another applicable
process, or a combination thereof. In the embodiment 1llus-
trated, the second dielectric layer 1002 includes silicon
oxide formed by thermal oxidation process (e.g., a dry
ox1idation process, a wet oxidation process, or a combination
thereol). In some embodiments, each of the first dielectric
layer 502, the dielectric material 802, and the second dielec-
tric layer 1002 includes thermally grown silicon oxide, and
there 1s no observable 1nterface between any two of them.

Then, as shown 1n FIG. 11, a control gate 1102 1s formed
on the first dielectric layer 502, the dielectric material 802,
and the second dielectric layer 1002. In the embodiment
illustrated, the control gate 1102 includes poly-silicon, but
the control gate 1102 may include other conductive mate-
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rials (e.g., metal, metal alloy, polycide, etc. . . . ) 1n other
embodiments. For example, the control gate 1102 can be
formed by a deposition process (e.g., a chemical vapor
deposition process, a low-pressure chemical vapor deposi-
tion process, a metal-organic chemical vapor deposition
process, etc. . . . ), a patterning process (e.g., a lithography
process, an etching process, etc. . . . ), another applicable
process, or a combination thereof.

Then, as shown 1n FIG. 11, source/drain regions 104 can
be formed 1n the semiconductor substrate 100. The source/
drain regions 104 can be separated by a channel region 1005
in the semiconductor substrate 100 under the control gate
1102. In the embodiment illustrated, the source/drain regions
104 are doped with n-type dopants. For example, the control
gate 1102 can be used as a mask in an implantation process
to 1mplant phosphorous 10ns or arsenic 1ons into the semi-
conductor substrate 100 on opposite sides of the control gate
1102 to form the source/drain regions 104 having a dopant
concentration of 5x17 cm™ to 5x20 cm™. In other embodi-
ments, the semiconductor substrate 100 1s an n-type silicon
substrate, and thus the source/drain regions 104 are doped
with p-type dopants (e.g., boron, aluminum, gallium,
indium, another applicable dopant, or a combination
thereof), and a dopant concentration of the source/drain
regions 104 can be 5x17 cm™ to 5x20 cm™.

As shown 1 FIG. 11, a split-gate tlash memory cell 10 1s
formed. The split-gate flash memory cell 10 includes a
concave trench 102. In some embodiments, a portion of the
first dielectric layer 502 lining the concave trench 102 under
the floating gate 902 can serve as a floating gate dielectric
502a (as shown 1n FIG. 11). In other words, the floating gate
902 can be situated 1n the concave trench 102 on the tloating
gate dielectric 502q. In some embodiments, the dielectric
material 802 and a portion of the second dielectric layer
1002 between the tloating gate 902 and the control gate 1102
can serve as an inter-gate dielectric, and the control gate
1102 can be formed on the inter-gate dielectric.

As shown 1n FIG. 11, the concave trench 102 has tips (or
corners) 102z, In some embodiments, the tips 102z can
increase the current flow between the semiconductor sub-
strate 100 and the floating gate 902, and thus the perfor-
mance of the split-gate flash memory cell 10 can be
improved (e.g., reducing the programming time or the
writing time).

FIG. 12 illustrates a split-gate flash memory cell 20
according to some embodiments of the present disclosure.
One difference between the split-gate flash memory cell 20
and the split-gate flash memory cell 10 1s that the concave
trench 102 of the split-gate flash memory cell 20 has an
upper portion 102U and a lower portion 1021, and the slope
of the sidewall of the upper portion 102U 1s different from
the slope of the sidewall of the lower portion 1021, and thus
the concave trench 102 of the split-gate flash memory cell 20
has more tips 102¢ to further improve the device perior-
mance (e.g., reducing the programming time or the writing
time).

For example, the step of forming the concave trench 102
of the split-gate flash memory cell 20 can include using a
first etch mask having an opening corresponding to the
upper portion 102U of the concave trench 102 to perform a
first etching process, and then using a second etch mask
having an opening corresponding to the lower portion 102L
of the concave trench 102 to perform a second etching
process. In some embodiments, the etchant of the first
etching process can be different from the etchant of the
second etching process, and thus the slope of the sidewall of
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the upper portion 102U can be different from the slope of the
sidewall of the lower portion 102L.

In summary, the split-gate flash memory cell of the
present disclosure includes a concave trench 1n the semi-
conductor substrate under the floating gate. The concave
trench has tips which may improve the performance of the
split-gate flash memory cell.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

Furthermore, each claim can be an individual embodi-
ment of the present disclosure, and the scope of the present
disclosure includes the combinations of every claim and
every embodiment of the present disclosure.

In addition, although some embodiments of the present
disclosure are disclosed above, they are not intended to limat
the scope of the present disclosure. Furthermore, not all
advantages of the embodiments of the present disclosure are
discussed. In addition, those skilled in the art may make
various changes, substitutions, and alterations herein with-
out departing from the spirit and scope of the embodiments
of the present disclosure. Therefore, the scope of protection
should be determined by the claims.

What 1s claimed 1s:

1. A split-gate tlash memory cell, comprising:

a semiconductor substrate having a source region and a
drain region, wherein the source region and the drain
region are separated by a channel region;

a concave trench i1n the semiconductor substrate;

a first dielectric layer on the semiconductor substrate,
wherein the first dielectric layer has a first portion that
1s outside the concave trench and on a top surface of the
semiconductor substrate, and the first dielectric layer
has a second portion that 1s mside the concave trench
and lines the concave trench;

a floating gate situated in the concave trench on the
second portion of the first dielectric layer;

a dielectric material on the floating gate;

a second dielectric layer on the first dielectric layer, the
floating gate, and the dielectric material, wherein the
first portion of the first dielectric layer 1s between the
second dielectric layer and the top surface of the
semiconductor substrate; and

a control gate on the second dielectric layer.

2. The split-gate flash memory cell of claim 1, wherein a
depth of the concave trench 1s 1n a range between 500
angstrom and 2000 angstrom.

3. The split-gate tlash memory cell of claim 1, wherein an
angle between a sidewall of the concave trench and a bottom
surface of the concave trench 1s 1n a range between 90° and
115°.

4. The split-gate flash memory cell of claim 1, wherein
cach of the first dielectric layer and the second dielectric
layer comprises silicon oxide.

5. The split-gate flash memory cell of claim 1, wherein
cach of the floating gate and the control gate comprises
poly-silicon.

10

15

20

25

30

35

40

45

50

55

60

65

8

6. The split-gate tlash memory cell of claim 1, wherein the
floating gate has a tip profile at top edges.

7. The split-gate flash memory cell of claim 1, wherein a
ratio of a top width of the concave trench to a bottom width
of the concave trench will vary in between 1 to 1.3.

8. A method for forming the split-gate flash memory cell
of claim 1, comprising:

providing the semiconductor substrate;

forming the concave trench in the semiconductor sub-

strate;

forming the first dielectric layer on the semiconductor

substrate, lining the concave trench;

forming a floating gate layer on the first dielectric layer;

forming a mask layer on the floating gate layer, wherein

the mask layer has an opeming above the concave
trench;
torming the dielectric matenial to fill the opening;
removing the mask layer and a first portion of the floating
gate layer under the mask layer, while leaving a second
portion of the floating gate layer under the dielectric
material to serve as the floating gate, wherein the
floating gate 1s situated in the concave trench on the
first dielectric layer;
forming the second dielectric layer on the first dielectric
layer, the floating gate, and the dielectric matenal,
wherein the floating gate 1s surrounded by the first
dielectric layer, the dielectric material, and the second
dielectric layer;
forming the control gate on the first dielectric layer, the
second dielectric layer, and the dielectric matenial; and

forming the source region and the drain region in the
semiconductor substrate on opposite sides of the con-
trol gate.

9. The method for forming a split-gate flash memory cell
of claim 8, wherein the dielectric matenial 1s formed by a
thermal oxidation process.

10. The method for forming a split-gate flash memory cell
of claam 8, wherein each of the first dielectric layer, the
dielectric material, and the second dielectric layer comprises
silicon oxide.

11. The method for forming a split-gate flash memory cell
of claim 8, wherein the floating gate 1s conformally formed
over the concave trench, and the floating gate has a concave
top surface.

12. The method for forming a split-gate flash memory cell
of claim 8, wherein the concave trench 1s formed by using
an etchant to etch the semiconductor substrate.

13. The method for forming a split-gate flash memory cell
of claim 8, wherein the step of removing the mask layer and
the first portion of the floating gate layer under the mask
layer comprises using the dielectric material as an etch mask
to perform an etching process.

14. The method for forming a split-gate flash memory cell
of claim 8, wherein the floating gate has a convex bottom
surface.

15. The method for forming a split-gate flash memory cell
of claim 8, wherein the floating gate has a tip profile at top
edges.

16. The method for forming a split-gate flash memory cell
of claim 8, wherein the concave trench has a depth in a range
between 500 angstrom and 2000 angstrom.

17. The method for forming a split-gate tflash memory cell
of claam 8, wherein an angle between a sidewall of the
concave trench and a bottom surface of the concave trench
1s 1n a range between 90° and 115°.
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18. The method for forming a split-gate flash memory cell
of claim 8, wherein the floating gate layer comprises poly-
silicon.

19. The method for forming a split-gate flash memory cell
of claim 8, wherein the step of forming the source region and 5
the drain region in the semiconductor substrate comprises
using the control gate as a mask to perform an implantation
pProcess.

20. The method for forming a split-gate tlash memory cell
of claim 8, wheremn a top width of the concave trench 1s 10
substantially equal to a width of the opening.
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